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Foreword 


The attached material represents the working papers from the 
OAST Space Theme Workshop held at the Langley Research Center* 
April 26-30* 1976, and contains a quick-look analysis of the 
proceedings. The material is unedited and intended for further 
use by the participants of the workshop and the planning elements of 
NASA concerned with space mission research and technology. It 
should be understood that the data do not represent official plans 
or positions but are part of the process of evolving such plans and 
positions. 

Nearly 100 of the Agency's top technologists and scientists joined 
with another 35 theme specialists to produce this working document - 
a document that provides a technical foundation* including research 
and technology base candidates, for each of the six space themes. 

The material in this report is considered essential to the development 
of Center initiatives in support of these themes. Copies of the report 
will be made available to the Center Management Board and the 
individuals at the Centers responsible for the FY'78 program planning 
cycle. The timing of this planning activity has caused us to distribute 
this document in this unedited form. Thus, it possibly contains errors, 
hopefully, more of a typographical rather than a technological nature. 
Nonetheless, the information contained is of a high professional level, 
reflecting the efforts of the workshop participants and will be invaluable 
to the planning and successful execution of the Agency's near- and far- 
term advanced technology program. 


Stanley R. Sadin 
OAST Space Tbeme Workshop 
Chairman 

NASA Headquarters 
Study, Analysis, & Planning Office 
Office of Aeronautics and 
Space Technology 


RANKING OF CRITICAL TECHNOLOGY NEEDS FOR EXPLORATION OF THE SOLAR SYSTEM 


THEME 


The single most essential component of this theme, which is focused 
on enabling intensive study of the outer solar system, is nuclear 
electric propulsion and power capability. Thus, the first four 
initiatives, in order of priority, are directly related to this critical 
area as follows: 

The thruster system (no. 1) is the propulsion unit for the nuclear 
reactor. Time phasing brings it to technology readiness in the 1990 
period when the reactor is scheduled to be operational, assuming items 
2,3, and 4 have been successfully developed. They are technologies 
where readiness must be demonstrated before the decision to proceed 
with the nuclear reactor can be made with confidence. Initiatives 2, 

3, and 4 can be demonstrated within the next 5 years. 

Autonomy (no. 5) is essential for missions beyond real time 
communication response. End-to-end data management (no. 6) is 
required to reduce the quantities of data to essentially a real-time 
flow of desired information. Artificial intelligence (no. 7) is 
required to exert autonomous control in a logical, goal -oriented 
manner. The imaging arrays (no. 8) are an essential component of 
several advanced remote analytical sensors. The earth return, heating, 
flow field, and stability initiative (no. 9) addresses survival and 
control of atmospheric probes in planetary atmospheres and during 
sample return to earth. 



STRAWMAN PACKAGE FOR THEME § 10 
EXPLORATION OF TOE SOLAR SYSTEM 


The attached strawman theme package follows the 
hierarchical structure outlined on the attached figure 9 
omitting the first item, the theme; the package starts 
with the two missions and builds from there* 

It is provided to give the working groups something 
to react to and to indicate the format desired. 
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April 12, 1976 
R. V. Powell 
L. Friedman 


EXPLORATION OF THE SOLAR SYSTEM 
OAST THEME PACKAGE 


Missions 


Tvo major strategies for exploring the solar system hevo been identified; one 
focuses on the return of information, the other focuses on the return of mat- 
ter. Those two approaches arc necessary for realising exploration objectives: 
detection of life, understanding of dynamic procansoH affecting our environment* 
comparative planetology Investigation, understanding the origin and evolution 
of the planets, etc. 

The approaches are not exclusive and a judicious mix of the two will most likely 
yield the highest return. E.G. atmospheric investigations are not good candi- 
dates for sample return — the sample containment and preservation is difficult; 
and the in-sltu Instrumentation for analysis is well-developed. On the other 
hand, remote age-dating la thought to be very difficult compared with geo- 
laboratory techniques* while the return of rocks la not a terribly difficult 
technological problem. Thus solid surface sample return is a good mission can- 
didate. 

The idea of a Planetary Exploration Facility haa boon developed to facilitate 
the return of information. The facility is a generic concept to (1) perform 
remote sensing o ; the planet or target, its atmosphere, gravitation riiNtrihution, 
magnetic field, etc., (2) serve as a launch platform for atmospheric probes, 
penetrators and rovers to a planet’s surface with in-nitu sample collection and 
analysis capability, and (3) have on-board data processing capability for trans- 
mitting final information to Earth. The Facility is very much an orbiting 
automated space station with Che component vehicles such as probes and landers 
serving as its remote ’’arms". Elaboration on the functions and required tech- 
nologies is given below. 

The Sample Return Mission concept logically breaks into functions based on the 
mission scenario. These are also discussed below. It might bo thought that 
the Sample Return and Exploration Facility are nltcrnotive concepts, but study 
of each show* that not only ere they complementary (am discussed above) but they 
lead to similar requirements. They both require laboratory capability to iden- 
tify, retrieve, analyze and react to sample data. In tha Facility more advanced 
Instrumentation and data management functions prevail, while in the Sample 
Return there is more of n premium on Propulsion and Mission Performance. Hut 
both mission concepts arc needed in parallel and both require development of 
new enabling* lower cost technology to manage and acquire scientific data about 
the targets being investigated. Partial autonomy in mission navigation is re- 
quired for Sample Return Rendezvous* as well aa with the Facility’s Orbit 
operations; similarly for certain in-si tu analysis techniques. Further examples 
and specific recommendations are discussed in the following section*. 



For the purpose of identifying functions and technologies for the return of 
Information and the return of matter* an effort was made to assure inclusion 
of the technologies required by the Exploration Facility} however, technologies 
Identified were not limited to that mission. 

Functions 


Functional capabilities have boon Identified in Table 1 separately for the 
return of Information and for the return of matter desses of missions. 

Since all of the functions for return of information appear to be required for 
return of matter, the functions listed undor return of matter may be assumed to 
apply to both and the functions under roturn of matter are limited to those 
which arc unique to tho return of matter missions. The functional capabilities 
were selected to provide an umbrolla for all the required technologies. 
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Thame: 


Exploration of Space 



Missions; 


Return of Information 


Return of Matte.' 

Functions; 

1. 

Acquiring Information 

1. 

Acquire sample. 



(a) Inaltu 


(a) Solid body 



(b) Remote 


(b) Atmosphere 


2. 

Data Processing 


(c) Comet 



(a) Science 

2. 

Preservation of sample. 



(b) Engineering 

3. 

Quarantine handling! 


3. 

Communication 

4. 

Ascent propulsion. 


4. 

Utilization of stored energy 

5. 

Ascent navigstlon. 



and external energy for power. 

6. 

Recovery of sample. 


5* 

Utilization of stored energy 
and external energy for 
propulsion. 

7. 

Sample receiving end 
etorege. 


6. 

Electromagnetic transfer of 

(All 

functions from Return 



energy. 

of Information apply). 


7. 

Processing micro structures. 




8* 

Processing of macro structures. 




9. 

Attitude control. 




10. 

Navigation. 




11. 

Environmental protection. 




12. 

Atonomous systems. 




Table 1 


1 . 


AOnimMG INFO WAT ION qw-SITP 4 REMOTE) 


SEHSOR8 FOR PLANETARY AND SATELLITE INFORMATION ACQUISITION 


The Sensors New Initiatives address never el mission-driven sets of 
sensors. Several assumptions are made in putting forth these Initiatives. 
The assumptions aret 

1. A set of mission models will be sscahllshed ss policy guides 
so the priority of development of particular sensors within 
each initiative can be established* 

2* Mission analysis and spacecraft design concepts will evolve 
in parallel with sensor technology so that sensor develop- 
ment will advance in concert with practical applicability 
(l.e. , priority adjustments). 

3. A program of instrument development will be established to 
bridge the gap between evolution of baalc sensor technology 
under these Initiatives end aceual flight project phasing. 

The following Initiatives ars broken down by categories that Internally 
allow for maximum aynergism In a mission sequence, and where eeneor end sup- 
porting electronic* have overlapping characteristics snd/or commonality. 

A. Electromagnetic Spectral Sensors 

Sensors In the spectrum from 0.2 microns through S-band radar 
ars needed for remote sensing of planetary and satellite atmospheres 
and remote eenslng of surface end subsurface geological features. 

This category included both passive and active sensing* and some sup- 
porting technology* such as sensor cooling. Interactions with attitude 
control and platform pointing developments will be required to achieve 
maximum data return. These sensors can be useful both In planetary 
orblters and flybys, and from large telescopes in Earth orbit. 

B. Remote High Energy Particle and Radiation Seneore 


Sensors designed to detect high-energy particles as well ss X-rays 
end game* rays can be used to obtain planetary surface end subsurface 


compositional dam* Along with tha basic sensor elements, long-term 
sensor cooling la required as enabling technology. 

C. Fields and Particles Sensors 

The Interaction between the solar wind, planetary atmospheres end 
atmosphere less planetary surfaces are fundamental to planetary evolution 
and* also yield much Information of basic plasma physics which can help 
lead the way to developing technology for energy development here on 
Earth. These sensors will help define the total mass and energy distri- 
bution in the solsr system, as well as establish interactions with galactic 
and extra-galactic fields and particles sources. 

D. Atmospheric In-Sltu Sensors 

The direct measurement of atmospheric characteristics through the use 
of sensors on entry probes provides che most specific chemical information 
gathering and the most definitive compositional gradient data. Current 
probe developments point the way for future strategies, but sre limited 
by else, weight, power, sud data transmission constraints. The informa- 
tion lncreaae that will be afforded by future lncrcaees In payload cap- 
ability can he aeveral orders of magnitude over that under prosent develop- 
ment. 

B. In-Sltu Sensors 

Direct measurements of planetary surface and near-surface composition 
as well as veathor behavior can be measured by fixed and roving lenders. 

The basic model for such sensing will be evolutionary from the Venus snd 
Mars probeB presently under development. Advances in sample handling 
and compositional specificity arc required to obtain definitive new date 
on planetary evolution. Alao, the current dynamics uf planetary geology 
can be studied through use of gravity and seismic sensors. 

F. Biological Sensors 

The search for extraterrastrlsl life will continue with varying 
degress of Intensity, pending the outcoam: of the Viking flndlnga. The 
sensing techniques required for biological atud<*« h*v» proven rn demand 





long *nd Intensive developaental activities. The strategy* for future 
developments In this arcs depend so strongly on the lsilncnt findings 
fro* Viking that no new initiative Is proposed hare, though one should 
be developed as soon. as definitive findings are available fro* the life 
detection studies of Kero. 



PRELIMTHART PROGRAM FLAM 
FT 1978 Sew Initiative 


Title : The Development of Remote Electromagnetic Sensors for Planetary Exploration 

lead field Ceeter : J?L 

Supporting Field Centers : Goddard, Langley 

Specific Objectives and Targets : The objective of this initiative ia to develop sensors for remote sensing of 
planetary bodies In a continuous spectrum f roe 0.2 microns to S-band radar. Sensing in this spectral range allows 
sensing and Internal consistency checks for both composition and distribution of atmospheric constituents and sur- 
face and subsurface structure. Also, significant inferences as to planetary weather can be done by sensing In this 
region. Some of the specific sensor development proposed Is: mlddle-UV lsrge-srea ICCD’e, near- UV large-area imag- 

ing arrays, large-area array visual imagers, large-area Image array mosaics, near-IP area arrays, middle snd far- IP 
line arrays, submllllmeter and microwave sensors, optica, antennas, snd appropriate cooling systems. 

Justification : Advances in this sensor technology will allow complete synergistic data on planetary atmospheres 

snd significant data on unobscured surfaces. Kith attendant advances In on-board data processing, It will be pos- 
sible to send back data on the distribution (cooposlton) and migration (weather) of planetary surfaces In a form 
which will be directly useful (weather maps, vertical distributions, chemical reactions sources and sinks, etc.). 

The Increase in planetary information is explosive - far exceeding the goal of 1000 times increase - between de- 
velopment of new sensors, increased data rates, snd expanded mission opportunities with Shuttle launch capability. 
The cost per bit of information will be reduced more than an order of magnitude over current missions. These same 
sensors and application techniques can be used dlrecely from Earth orbit both to study the planets from large tele- 
scopes and to monitor similar parameters on the Earth. Also, with appropriate telescopes and pointing accuracies, 
significant observatory phase data can be obtained during interplanetary cruise. 

(FT *78 $) FT *78 FY *79 FT 'SO FT *81 FT *82 ATC Total 

Total R/A2> SO* ($ K) 1.0 2.0 3.0 3.0 3.0 12.0 24.0 


PRELIMINARY PROGRAM FLAK 


FT 197a Rev Initiative 


Title: The Dmlopeut of High-Energy Particle tad Radiation Sensors 

Lead Field Center; JPL 


Supporting Field Center : Goddard 


Specific Objectives and Targets : Sensors for detecting X-rays, gamma rays, alpha particles, beta particles, and 

neutrons can be used to assess surface and subsurface cotspoeltlonal elements by remote measurements front satellite 
altitudes. Technology advances are required in both sensor technology and long-life, lov-t caper ature cooling appa- 
ratus to enable this technique on iong-duration missions . 


Justification : This sensing technique has been limited to Earth orbital and Lunar neasureaents because of sensor 

weight and size. Shuttle launch capabilities and advances in cooling technology will allow improvements in sensor 
capability and extension of this powerful method to a number of bodies in the solar system. Several orders of mag- 
nitude Increase in information can ba achieved. 

Resources; (FT *78 X) FY *78 FT *79 F T '80 FT f 81 FT *82 A TC Total 

Total R/AD IfOA ($ M) 0.5 0.5 1.0 1.0 1.0 2.0 6.0 


PRgLIKIHAKY PROGRAM FUUt 


FT 1978 New Initiative 


Title: 


Tbe Development of Planetary and Interplanetary fields and Particles Sensors 


Lead Field Center : Goddard 

Supporting Field Centers : jpL 


Specific Objectives and Targets : In order to achieve an increase In data return on the planetary and interplanetary 

fields and particles, sensors need to be developed which allow for lower noise, higher speed, and greater direction- 
ality. Applications cf channel multiplier arrays are an esactple of new technology which will allow Increased plasma 
probe senaiclvty and directivity. Fundamental sensor research is required to achieve reductions of noise In mag- 
netometers. Possibly, cryogenic techniques can be applied with future payload capability to allow new sensors to be 
employed, and improvements are feasible with f luxgate sensors and vector helium magnetometers. 


Justification : As missions farther out in the solar system become possible, better insights Into galactic and 

emtra-galaetlc Influences on the solar system can be achieved because the dominance of the Sun on field and particle 
environments lessens, and will not mask other sources. Also, interactions between fields and particles and planets 
must be better understood to determine planetary evolutionary processes. 


Resources : (FT *78 $> FY *78 FT '79 FT *80 FY '81 FY *87 & TC Total 

Total R/AD NOA ($M) 0.3 0.5 0.8 0.8 0.8 1.6 4.0 


PRELIMINARY PROGRAM PLAN 


H 1978 Rev Initiative 


Title; 


The Development of Atmospheric Io-Sltu Sensors 


Lead Field Center: 


lues 


Supporting Field Centers : 


Specific Objectives a ad Targets : The performance goals of probe Instruments is severely constrained by present 

velght, power, volume, and data transmission capability. Vith future payload growth and evolution of data analysis, 
compression, and transmission capabilities, orders of magnitude more Information can be gathered by probes descending 
or ascending a planet's atmosphere. Physical properties can be handled vith much greater finesse vith existing sensor 
technology and chemical analysis can be more greatly extended to developing faster CC's and MS's vith higher resolu- 
tion, and devaloplng new ataospherlc sensing techniques. 


Just if lea t ton : Much of the definitive assessmeit of planetary atmospheres is presently constrained by current pay- 

load Halations, Future increases in payload ctpabllltle* will allow significant advances In probe sensor techniques. 


Resources: (FT '78 $) 


FT *78 FY *79 F Y '60 FY *81 
0.3 1.5 0.8 1.2 


FY *82 A TC 


1.2 


2.4 


Total 


5.4 


Total X/AD NOA (3 M) 


PRELIMINARY PROGRAM FLAN 


FY 1978 Men Initiative 


Title: 


The Development of Planetary Surface of In- Situ Sensors 


lead Field Center: 


JPL 


Support inn Field Centers ; Antes, Langley 


Specific Objectives and Targets : The following sensors will allow significant increases in the knowledge of plan- 
etary surface /subsurface composition: 1) multlspectral Imaging in the visible and 1R; 2) mass spectrometers with 
increased mass ratge and spectral sensitivity, and with solids analysis capability; 3) nuclear magnetic resonance 
spectrometers wit! higher magnetic fields and dust sampling capability; 4) X-ray fluorescence sensors with Improved 
solid-state detectors, optimized X-ray sources, and geometric Improvements; 5) ion, electron, and visible micro- 
scopes with vacuur handling capability; 6) alpha scattering sensors of higher resolution; 7) thermodynamic analysis 
sensor using gas release mass spectroscopy for enthalpy property studies; 8) radar sensors for subsurface sounding; 
9) cryostats, sample manipulators, and vacuum processing systems to support the above. 


Justification : Analysis of planetary surfaces will greatly increase knowledge on the evolution of the solar sys- 

tem. Methods employed for these analyses are very sophisticated and require long lead-time developments. 


Resources : (FY *79 5) 


FY *78 FY *79 


FY *80 FY *81 FY *82 A TC 


Total 


Total R/AD NOA (( K) 


1 2 


3 4 


4 12 26 


Data Processing 


A. On-Board Processing 

Inprovod on-board data processing and Information extraction systems 
are noodcd. Especially important is the need for real time process- 
ing of imaging data, Including high rate data from radar and multi - 
spectoral instruments, algorithm development for on-board information 
extraction, and an advanced modular computer architecture having 
fault tolerant characteristics with an improvement of 10 to 100 
times in on-board confuting capability. 

Relevant New Initiatives : 

1. 00) Unified Data Processor (summery attached) 

2. Artificial Kotina System (summary attached) 

B. Information Management 

Information management technology is needed to coordinate and quanti- 
tatively relate space program objectives with all elements of NASA’s 
end-to-ond data system in an attempt to optimize cost effectiveness 
associated with space information sciences. 

Relevant New Initiatives : 

1, The development of an Information-Management System for Space 
Exploration (suimaazy attached) 

C. Large Capacity Data Storage Systems 

A 12 

large capacity data storage systems (10 -10 bits) will be needed in 
the next decade for the exploration of space. Optical memories and 
high density semiconductor memories need to bo exploited to meet this 
requirement . 

Proposed New Initiatives : 

1. Holographic memory (not written) 

2. Large capacity semiconductor memories (not written) 

D. Software Research 


Software research is needed to curtail the rising cost of software 
applications in our space missions. Techniques are needed for design- 
ing and developing computer programs, testing them, verifying their 
correctness, and maintaining them. Contributing disciplines include 
higher-order languages, automated programing and program verification, 
operating systems, canpilers and assemblers, data system architecture, 
structured programing, and others. 

Relevant New Initiatives: 


(To Be Determined) 



PRELIMINARY PROGRAM PLAN 
Ff 1978 New Initiative 


Title : CCD-tfciifled Data Processor 

Program : 

lead Field Center : JPL 

Supporting field Center : LARC 

Specific Objectives and Targets : The objective of this program is to develop and demonstrate a CCD-Unified 
Data Proc essor$ystero ( UOPSJ to provide greatly Increased on-board and ground data reduction capability 
at reduced costs. The UDPS will utilize the newest CCD and microprocessor technology to achieve a design 
which is modular and programmable for multiple applications. The processor capabilities will be applicable 
to a wide range of microwave and multi -spectral imaging systems and will include radar data processing, data 
compression. clustering, classification, registration, filtering, convolution, and transformation. The out- 
put of this task will be a fully tested breadboard which will demonstrate the technology. The breadboard 
will be completed in 1980 and will undergo final tests in 1981 . 

Justificatiyv : Imaging radar and higher resolution multi -spectral Imaging systems produce data rates which 
are di rTicuTt to handle fn an efficient and cost effective manner. CCO and microprocessor technology offer 
a practical solution to the problem. This program supports the NASA goals of 1000X Increase in mission capa- 
bility and 10X reduction in cost. The HOPS is expected to Increase data .processing speeds by 10 to 100, 
reduce data storage requirements by 5 to 50, and provide an overall 1000- fold Increase in ground reduction 
capability. 

Resources : (FY'78 $) FY 4 78 FT79 FY'80 FY’81 FY*82 BTC Total 

Total RftADKQA ($,H) 0.8 1.1 0.6 O.S 0.2 0 3.2 


PRELIM KART PROGRAM PLAN 
FT 19 78 New Initiative 


Title : Artificial Retina System 

Ptogria : 

Lead Field Cen ter: JPL 

Supporting fiv !<I Ce nter : 

Sp ecif ic Objectives jh»* Targets : Develop an artificial retina systea which will reduce the quantity of data trans- 

nlctcii iron a spacecraft imaging system, and Increase the information level of that data. A photoreceptor array 
lzbvdded l:i a logic matrix on a silicon LSI chip will provide real-time parallel image processing, .which la considerably 
faster ch.ir. serial (raster) readout; the logic will execute algorithms which pre-process the raw data to a level where 
features car. be extracted (contour, texture, motion, etc.). A stereo pair will provide depth information; sets of 
spectrally filtered elements determine color. Those features, on primitives, will be transmitted to central facllltlet 
for further processing by high-level software programs which will Interrelate and interpret Chen under Interactive 
hu.-~.an control. Under operator guidance, the high-level prograss will control the (low-level) algorithms on the LSI ch p. 
For adequate spatial resolution, che LSI chips will be fabricated in a high-density technology. 

JUSTIF ICATION': Planetary and Earth-orbiting missions will rely heavily on imaging systems for Information gathering. 

Current methods use TV cameras to transmit raw gray-lavel data to Earth In serial streams. Because of the large quantity 
of data ( 10° bits/frame) this is alow, cumbersome and expensive. The artificial retina system will be faster, 
sore efficient, ar.c less expensive to operate. The silicon technologies required for this systea exist separately todey: 
silicon TV vidlcons, large logic arrays (e.g. microprocessors), hlgh-denslty lithography (electron-beam or x-ray). 
Algorithms fer parallel Image processing and feature extraction have been developed to a very Halted extent, using 
small hard-wired breadboard systems to simulate simple Image patterns. High-level programs are being developed for serial 
data systems, for want of parallel-data hardware. A different approach 'to the problem is being pursued at Coddard Spaca 
Flight Center: if the vires and logic elements of a general-purpose computer were replaced one-for-one by bundles of 
fiber optics and arrays of pho coconductors, existing— or slightly modlf ltd— programs would simultaneously process the 
data of all channels, thus achieving parallel processing. 

Resources : (FT78 $) FT'78 FY*79 FY'BO FT’31 *F!f'82 ATC Total 

local 1/AD WOA ($.M) 0.5 0.8 1.2 1.5 1.5 1.5 7.0 



PRELIMINARY PROGRAM TLAH 


FY 1978 New Initiative 

Title ; The Development of an Information-Management System for Space Exploration 

Program : 

Lead Field Center : JFL 

Supporting Field Center : 

Sped fir f> i» jo e* , turn sr . d Targets : The objective of this Initiative la to develop a methodology for managing. In a 
coordinated manor , all elcccr.ts of NASA's space information aystea. The emphasis of the objective is to be able to 
quantitatively relate space program objectives with all eleleats of NASA's end-to-end data system In an attempt to 
eptirfzc cost effectiveness associated with space Information sciences. The progran will include: (1) the identifi- 

cation and analysis of the elements of the NASA space-information system; (2) the relationship btrween bit rates and 
loforrdtlon transfer; (3) the development of a methodology for: (a) specifying quantitative Information-related 

program objectives; (b) establishing an ini or mat ion -management rationale for the acquisition processing, storage, 
retrieval, ani distribution of spacecraft data; (c) allocation of data channel capacities and bandvldths for com- 
peting experimental data types; (d) quantitatively determining and allocating the quality of data processing required 
for each element of the end-to-end data system to assure overall compatibility of the system; (3) measurement of end- 
to-end data system performance; (f) controlling the performance characteristics of the end-to-end data system. 

Justification : In 1962, ths telemetry bit rate from the Mariner 11 spacecraft to Venus was 8 1/3 bps at encounter. 

By 1972 the telezctry bit rate for Mariner X had^lncreased to 117,600 bps. It is projected that by 1990 the bit rate 
from only cr.c Earth-orbiting mission will be 10* J blts/day; this la enough data to fill approximately one million 
300-pagc books In one day. Presently, there exists no overall plan, nor even a methodology for developing a plan, 
for either limiting or coping with all the data being transmitted from apace vehicles. If this situation is permit tel 
to continue, missions will becooe progressively more cos: ineffective due to our Inability to relate data-handllng coitr. 


to mission objectives. 



• 


Resources: (FY'78 $) 

rT'78 FTf'79 

FY'80 FT'81 TT'82 

. ATC 

. Total 

Total 1/A D NOA ($,M> 

1.0 3.0 

S.O 3.0 5.0 

5.0 

24.0 



ygLPgittgT piociAM yum 


FT 2978 «*w Initiative 

Title Tht Dmlopnnt of aa Inf on* t loa-H»u|tant Syttta for Space Exploration 

Program : 

Lead fltM Concer t JFL 

Support Inn Field Center : 

Specific f> h jo e’ . tvrr-, asd Targets : The objective of this Initiative la to develop a methodology for managing, in a 
coordinated r.-inncr, all elements of NASA's space Information ays tea. The emphasis of the objective is to be able to 
quantitative: y relate space program objectives with all eleleata of RASA*s end-to-end data system In an attccpt to 
optimize cost effectiveness associated with space Information aclences. The prograa will include: (1) the identifi- 

cation and analysis of the elements of the NASA space-information system; <2) the relationship between bit rates and 
information transfer; (3) the devcloprent of a eethodology for: <a) specifying quantitative Inforaation-related 

program objectives; (b) establishing an lnforamtlon-manageoent rationale for the acquisition processing, storage, 
retrieval, ani distribution of spacecraft data; <c> allocation of data channel capacities and bandvldths for com- 
peting expcrircntal data types; (d) quantitatively determining and allocating the quality of data processing required 
for each element of the er.d-to-end data system to assure overall coopatlbllity of the system; (3) measurement of end- 
to-end data system performance; (f) controlling the performance characteristics of the end-to-end data system. 

Justification : la 1962, the telemetry bit rate from the Mariner II spacecraft to Venus was 8 1/3 bps at encounter. 

By 1972 the telemetry bit rate for Mariner X had Increased to 117,600 bps. It Is projected that by 1990 toe bit rate 
from only one Earth-orbiting mission will be lCr' blts/day; this la enough date to fill approximately one million 
300-page books in one day. Presently, there exists no overall plan, nor even e methodology for developing « plan, 
for either limiting or coping with all the data being transmitted from space vehicles. If this situation Is pemltteS 
Co continue, missions will become progressively more cost ineffective due to our inability to relate data-handllag co itr. 
no mission objectives. 

Resources : (TY’78 $) FT* 78 FT* 79 FT *80 FT *81 FT'82 ■ ATC . Total 

Total 8/AD MO* ($,H) 1.0 3.0 S.O 5.0 5.0 5.0 26.0 


3* Communication. 
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A. Active, Modular, multi-bean, ml tl -frequency, phased array antennas. 

. These antennas, with self-contained, distributed transmitters and 
low-noise preamplifiers can provide high reliability with graceful 
failure. The modular aspect provides extra* flexibility In gain or 
spatial coverage for different missions. Beams are electronically 
steered and Individually controlled. Thus one antenna can provide a 
link to Earth, plus a probe link (or probe links) simultaneously. May 
also be applicable to probes, landers, or sub-vehicles (In lower orbit 
than master spacecraft). 

Relevant New Initiatives 


B. Technology for high data rates from outer planets. 

Perform analyses and tradeoffs on techniques for high rate data return 
to Earth from Jupiter and beyond. Consider data rates to $-10 mbps, 
perhaps even higher. Consider high-power transmission vs. large 
antennas, plus appropriate modulation and coding. Potential for 
optical communications to Ea^th orblter should also be considered. 

Relevant Mew Initiatives 


C. Relay Communications 

Perform analyses and system studies of cost effective configurations 
for relay connunlcetlons from probes, landers, or sub-orblters thru 
the master spacecraft to Earth. Consider relay link modulation and 
coding, relay point data processing, and cofcsuni cations constraints 
due to mission geometry. Applicable to Jupiter Exploration Facility 
plus numerous precursor probes, penetrator and lander missions. 

Relevant New Initiatives 
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D. Doppler and Ranging on Spacecraft 

Perform study of system requirements, develop alternative system 
configurations, and analyze system performance for doppler and 
ranging measurements performed on spacecraft. This measurement may 
provide Information for autonomous navigation of a master spacecraft 
or for locating landers, probes, or sub-orblters from a master space- 
craft. This task mill Identify stability requirements for the space- 
craft reference oscillator. A separate development for this ultra- 
stable oscillator may be required. 

Another spinoff may be requirements for secondary probe oscillator 
stability to meet location accuracy requirements with one-way doppler 
measurements. 

Relevant Hew Initiative! 


ti Data Compress lon/Pre-Process 1 ng 

Techniques for data compression, and on-board pre-processing to reduce 
data trasnfer rate Is required for high deta volume outer planets 
missions. This activity* conjunction with high data rate technology 
should provide Information for cost effective trade-offs of the two 
options (high rate vs. compression/processing). 

Relevant Hew Initiatives 


F. Radar Napping 

Develop technology for high resolution, long range mapping of outer 
planets/satellltes from orblters. 

Relevant New Initiatives 
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6. Fault Tolerant Hardware 

Develop technology for hardware with self-diagnostic, self-repairing 
capability. 

Relevant Hew Initiatives 



4* Utilization of Stored Energy and External Energy for Power 

A* Solar Energy Conversion and Storage 

Advancements In solar energy conversion and storage systems 
are required to satisfy future needs for Urge amounts of 
on-board power, increased array lifetime and reliability# 
and reduced cost. These goals Include (1) thin, high end- 
of-llfe efficiency, radiation-resistant solar cells; (2) 
high-power-density solar array; and (3) automated module 
fabrication methods. These efforts are all presently part 
of the RAT base effort. 

Relevant New Initiatives 

(1) Gal 11 m Arsenide Solar Cell Arrays 

(2) Photochemical Solar Energy Conversion 

(3) Automated Nodule Fabrication Is a potential New Initiative 
candidate. 

3. Chemical Energy Conversion and Storage 

More reliable, hlgher-energy-denslty primary and secondary 
batteries with useful lifetime of up to 10 years are needed 
for deep space missions, planetary Arbiters, and planetary 
probes. These goals are being achieved by developing long-life, 
lightweight nickel -cadmium cells, batteries for advanced missions 
(Including probes), and advanced battery controls. 

Relevant New Initiatives 

(None. RAT base program) 

C, Nuclear Energy Conversion and Storage 

Radioisotope thermoelectric generator (RTG) power systems of 
greater performance, lifetime, and reliability and lower cost 
are needed for planetary missions In the 1980's. For the period 
starting In the early 1990's» missions requiring power levels of 
100 Kw or more are being considered, and for such applications, 
reactor power represents either an enabling technology or potential 
major cost savings. 

faliVMt New MttJttlai 

(1) Nuclear Thermionic Power System Technology 

(2) RTG power Is presently an RAT bast program, but a potential 
New initiative candidate In this area Is: High-Performance 
Thermoelectric Material Development. 



0. Power Processing end Distribution 

Advancements In the technology of power processing and distri- 
bution are required to provide higher performance, longer life, 
higher reliability, lower weight, and reduced cost. Nodular 
designs for the major power processing elements (such as 
regulators and Inverters) having active, rather than standby, 
redundancy are being developed as are system configuration and 
Integration concepts, to meet the stringent requirements which 
are foreseen. Also being developed are the techniques and 
hardware required to ground test, control, and verify the 
performance of these new flight-type systems. 

Relevant New Initiatives 

(None. RAT base program) 

E. Energy Systems 

Planetary missions under consideration for the future pose 
requirements which make Increased autonomy of power system 
operation not only beneficial but required. Also to achieve 
technology readiness for near-Sun missions (e.g.. Mercury 
orblter), certain advancements In power system technology are 
required. 

Relevant New Initiatives 

(1) Automated Power Systems Management (presently In R&T 
base program, but Is potential New Initiative candidate). 

(2) Advanced Power Systems Technology for Near-Sun Missions 
(not written yet, submitted over-guideline for FV'77 
R&T base program). 

(3) Gallium Arsenide Solar Cell Arrays 




FggjgggAgT PROGRAM FLAM 


nr 1979 


TITLE ; Galllua AratnUt Solar Call Arrays 
PROGRAM : RAT Base-Hultidisciplinsry JUT 

LEAD FIELD CENTER: JPL 

SPECIFIC OBJECTIVES ASP TARCETS : Proof of concept desmstrctlon of high-efficiency, light weight 

CaAs solar cell array at 1 kW output for space power applications. 


JUSTIFICATION : Large amounts of electrical power will be required for eulti-purpose space power 

platform (KTS7P), space laboratories, and certain spacecraft is the period beyond 1980. The 
required large power would be most economically generated with solar cells. However, the solar 
cells cost be lew cost, light weight, highly efficient and have long lifetimes in space since 
the initial fabrication and launch costs will be a significant part of the total systec cost. 

This is particularly true for the space power satellite concept. Calllue arsenide (GaAs) solar 
ceils arc potentially far superior to silicon solar cells because: (1) they have greater 

efficiency as already demonstrated by laboratory devices, (2) are note radiation resistant 
leading to ouch longer lifetimes in space, (1) can operate at higher tesperatures store efficiently 
allowing for the use of soler concentration, and (4) potentially lighter weight and lover in 
cost because GaAs cells require only several micrometers thickness as coapared to 100-200 
micrometers for silicon, the latter benefit coses about froa the high light absorption in 
GaAs and the cor.coslttant ability to use either polycrystalllnc thin files or ultra thin single 
crystals which can be grown by vapor phase epitaxy on reusable crystalline substrates. Kora* 
over, the large array applications require technical develop cone well beyond current silicon 
aolar cell stste-of-tha-art or oven potential. 


RESOURCES : (FT 1978 $> 

Total RAD BOA (00 
Direct Manpower 


91*78 

0.5 

5 


rr*79 

0.5 

5 


rr'so 

l 

7 


FT* 81 
1 
7 


FT* 82 
1 
7 


Total 

4 

31 


mUHfWAIT PROGRAM PLAN 


PY 1979 KEW INITIATIVE 


TITLE : Photochemical Solar Eocrgj Conversion 

PROGRAM : (it Bass- Multidisciplinary 1 4 T 

LEAD FIELD CENTER : Jet Propulsion Laboratory, Call fora la Znatitota of Technology. Pasadena. California 

surgogrng field centei(s) : 

SPECIFIC OBJECTIVES AND TARGETS: 


Conversion of solar energy directly Into storable chemical energy or nore efficient coaversion to 
electrical energy. TARGETS: Photochemical hydrogen and photovoltage generation - end 1980. Hydrogen 
generator device - 1981. Solar call devica - 1982. Scale-up systems - end 1983. 

JUSTIFICATION : 

Present solar energy conversion systems suffer from Inefficiency and the need for storege of the energy 
produced, e.g. by batteries. The proposal is predicated on sufficient Research Program support to nort 
firmly lay the foundation for the work and co asaess soae preliminary systems. The work proposed here 
would expand these results and by 1983-8$ carry the investigation to the point where assuming success, 
pilot plant studies could begin. 


RESOURCES: (FT 1978 $) 

FT77 

FT 78 

FT 7 9 

FT80 

FY81 

FY82 

BTC 

TOTAL 

TOTAL RAD NOA ($»K>* 



126 

123 

120 

183 

148 

700 


DIRECT CIVIL SERVICF MANPOWER 

DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER 

RESOURCES SUPPORT ASSUMED FROM OTHER 

SOURCES (RAD S, X) (MASA, CODE RR) 110 125 114 124 473 


•CONTRACTED RAD + IN-HOUSE DIRECT RESEAROl + IMS 



PRELIMINARY PROGRAM PLAN 


FY 1978 NEW INITIATIVE 


TITLE : Nuclear Thermionic Power System Technology 

PROGRAM : Nuclear Energy R&T 

LEAD FIELD CENTER : Jet Propulsion Laboratory 

SUPPORTING FIELD CFMTER(S) : Lewis Research Center 

SPECIFIC OBJECTIVES AND TARGETS : Nuclear space power represents an enabling technology and/or potentially 

large cost improvement for advanced NASA missions. Prior to commitment to a major space nuclear system 
development program that is presently estimated at $300M. a low-cost system demonstration is needed that will: 
(1) prove the readiness of nuclear system technology for full scale development. (2) provide detailed technleiZ 
and programmatic Inputs for NASA :r. p igement planning. (3) test our ability to integrate a complete, large powir 
subsystem. (4) qualify the system design. (5) quantify system inputs to NASA mission design, and (6) reduce 
significantly the follow-on nuclear system development risks. 

JUSTIFICATION : NASA's payload model and advanced mission studies are indicating a requirement for full-scale 

nuclear reactor systems development commencing by approximately 1982. The System Technology Program proposed 
for FY 1978 is the most cost effective approach to that requirement. Integrated system demonstration will 
reduce costs by eliminating development risks and assuring optimum development planning prior to a final 
management decision to commit major resources. Close coordination between nuclear power system technology 
direction and applications planning is emphasised tc Insure that all NASA large power needs can be met over 
approximately 10 years of flight applications. 


RESOURCES: (FY 1978 $) 


FY78 FY79 FY80 FY81 


PY82 BTC TOT/ L 


TOTAL RAD KOA (S, M)* 

DIRECT CIVIL SERVICE MANPOWER 
DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER 
RESOURCES SUPPORT ASSUMED FROM OTHER 
SOURCES (RAD $. M) (SPECIFY SOURCE) 


3.0 3.7 

5 5 


3.3 2.7 l.S 0 13.7 

5 5 5 0 25. C 


^CONTRACTED RAD 4- IN-VOOSE DIRECT RESEARCH + IMS 


5. Utilization of Stored Energy end External Energy for Propulsion 

A. Chemical Propulsion, Near Term (1980-*85) 

The chemical Propulsion program objective Is to provide the 
technology to meet the continuing need for cost reduction 
In propulsion, for versatile, high performance systems suit- 
able for long duration planetary missions Including suitable 
ascent propulsion for sample return missions. 

(1) Space Storable (F^N^) Liquid Propulsion 
Relevant Now Initiatives 

(a) None. This program already has been established. 

(2) High-Performance, low Cost Solids 
Relevant New Initiatives 

(a) Quench Thrust-Termination Assembly (QTTA) 

B. Solar Electric Propulsion Near Term (1980-*85) 

The solar electric propulsion program objective Is to provide 
the technology for high specific Impulse (greater than 1000 
seconds) electric propulsion systems needed for advanced 
capabilities In near-earth end planetary/interplanetary appli- 
cations; and. In addition, establish and demonstrate the 
technology for long life, efficient, lightweight, station 
keeping and attitude control systems. 

(1) Primary Propulsion (Ref. Paragraph 4.A. Solar Energy 
Conversion and Storage) 

Relevant New Initiatives 

(a) Initiatives for near-term applications (1980-1990) to be 
determined. 

(2) Auxiliary Propulsion 
Relevant New Initiatives 

To be determined 

C. Nuclear Electric Propulsion Far Term ('90 on) 

(Ref. Paragraph 4.C. Nuclear Energy Conversion and Storage) 

The utilization of nuclear energy for electric propulsion is 
dependent on the successful development of energy conversion 
devices several of which are listed under Paragraph 4.C. Nuclear 
Energy Conversion and Storage. 




Relevant New Initiatives 
To be determined 

D. Advanced Propulsion Concepts (New Horizons) Beyond 2000 

The propulsion how horizons program objective is to generate 
new propellants and propulsion concepts which have the potential 
for specific Impulse of 1000 seconds or greater. A list of tasks 
currently under consideration within the discipline R and T 
category Is as follows: 

(1) Metallic/ Atomic Hydrogen 

(2) Excited Species 

(3) laser Propulsion 

(4) Solar Sailing 

(5) Detonation Propulsion 

(6) Utilization of Planetary Atmospheres for Propulsion 

(7) Use of Indigenous Materials for Propulsion 
(B) Energy Exchange Mechanisms 

(9) Matter-Antimatter 
Relevant New Initiatives 


To be determined 
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PRELIMINARY PROGRAM PLAN - EXECUTIVE SUMMARY 


(P. 1 of 2) 


PY 1979 MEW INITIATIVE 

TITLE ; QUENCH THRUST TERMINATION ASSY (QTTA) 

PROGRAM: OAST 

LEAD CENTER : JPL 

SUPPORTING FIELD CENTER : MSPC 

SPECIFIC OnJECTIVES AND TARGETS : 

(A) OBJECTIVES 

Provide a two-bum on-command liquld-quench thrust- termination system suitable for adaption and use on the 
upper stage of the 9wttle/IUS transportation system. 

(B) PHASE DESCRIPTION 

o Phase 0 (FI 77/78 on-going OAST Technology Prograa)Complete analytical and small experimental research 
motor demonstration firings to verify liquid quenchability of Class 2 solid propellants. Pull 
scale quench demonstrations using Class 7 double base propellants have been successfully 
demonstrated to date. 


o 

Phase 1 

(FY79/80) 

o 

Define stop/rcstart stage requirements 




o 

Complete preliminary stage design 




o 

Complete full scale motor/quench design 




o 

Complete 6 subscale stop/restart solid rochet test firings 

o 

Phase 2 

(FT81/02) 

o 

Complete stage design and performance estimates* complete 4 full scale stop/rest* rt 





solid rocket test firings. 

o 

Phase 3 

(FY83/84) 

o 

Ooeg>lete 3 full scale prototype stage propulsion ground testa. 

o 

Phase 4 

(7785/86) 

o 

Complete 1 flight proof tost demonstration 


r 
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JOSTinCATlOtl : 

The addition of a simple low- coat quench thrust termination system, which provides multi-burn capability to 
traditional single burn solid rocket motors will; 

o Increase payload capability by allowing optimum orbit transfers and/or reduce the nunber of shuttle 
launches required. 

o Provide groater Shuttle/lUS operational flexibility to more effectively accommodate a wide variation 
of payload weights and differeing payload orbit requirement:- , 

o Continue to maintain basic advantages of solid propulsion's ’low-cost, simplicity, high reliability and 
minimal launch support effort. 


RESOURCES: (FY 1979 $ H) 


Phase 1 

Phase 

2 

Phase 

3 

Phase 

1 





FY 







79 BO 

81 

82 

83 

84 

8S 

38 

TOTAL RfcD NOA (S.M) 

(JPL/ 

1.1 .7 

1.8 

1.2 

— 

— 

— 

— 


(KSFC) 

.1 .2 

.3 

.3 

— 

— 

— — 

— 

DIRECT CIVIL SERVICE MANPOWER 

(HFSC) 

.1 .1 

.1 

.1 

.2 

.2 

.3 


DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER 


— 

— 

— 

— 

— 

— 

— 

RESOURCES SUPPORT ASSUMED FROM OTHER SOURCES 









(WD $, HJ/QSF 

(JPL ♦ Contractor) 

— 

— 

— 

1.8 

.6 

l.S 

.( 


(MSFC) 




TBD 

TBD 

TBD 

TBI 



1.3 1.0 

2.2 

1.6 

2.04- 

.84- 

1.8+ 

t 

e 


i 
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6. Electromagnetic Transfer of Energy. 

A. Electromagnetic Transfer of Energy 

There Is potential for energy transfer from a master spacecraft 
to a sub-vehicle or lander via microwave, where the master vehicle 
has excess power availability, l.e., NEP, SEP. Technology develop- 
ment Is required In DC-RF conversion, large modular phased arrays 
with electronic beam steering, and receiving antennas. 

Energy transfer by LASER should also be considered as potential 
alternate technique. 

Relevant hew Initiatives 


7 Processing Micro Structures 

A. Electron Bom Lithography 

i 

Electron besm lithography will enable the processing of nicro 
circu its/devices with lateral dimonsions of the order of one micron. 

The development of this technology will enhance the performance of 
siqjerconducting microcircuits, ultra high density silicon micro- 
electronics, and integrated optics. 

Relevant New Initiatives : 

1. Eluciruilc muter lals reseirch based on electron bem* lithography 
(summary attached) 

B. LSI Design 

The availability and projected usage of microprocessors and other 
conqplex LSI devices is dunging the way in which we view system and 
sifcsystem architecture. Chips have become systems in themselves and 
have opened the door to an array of new problems and opportunities. 

Problems in testing and qualification need to be addressed; oppor- 
tunities for now design approaches arc becoming increasingly prevalent. \ 

In particular, fault tolerant systems can be realized more efficiently 
if fault tolerant considerations are an integral part of chip designs. 

There exists a need to specify design critorla and rules for achieving 
such results. 

* Suggested New Initiatives: 

1. Qualification and testing of LSI devices (to be determined) 

2. 151 design criteria for fault tolerant applications (to be 
determined) 
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TITLE : Electronic Materials Research Baaed on Electros Baas Lithography 

PROGRAM; UT Baae-«ultidlaclpl Inary UT 

LEAS FIELD CEHTER : JPL 

SPECIFIC OBJECTIVES AMD TARGETS : Superconducting microcircuits, ultra high density all Icon 

microelectronics, Integrated optica , super conduct lng mk lick XE detectors. 

JUSTIPICATICH : Processing of pictorial data oo board spacecraft and autoaosoua rovers will 

require an electronics technology greatly advanced over that available today. Super- 
conduct In; alcroclrculta and silicon devices with lateral else* on the order of one 
Bicron could be the basis of such a technology. Information transfer In the 1960’s will 
aoat probably be by optical coraualcetlon links. Integrated cptlca arc a vital part of 
such links. Aatroncsy froa shuttle will require the aoat sensitive IK detectors possible. 
Arrays of superconducting veak link devices are potentially euch detectors. All of these 
devices will cose about only If research on then le started today. This research will 
require the establishment of an electron bean lithography facility. 

RESOURCES : (FT 1970 $> FY’70 FT’ 79 FT *00 IT *01 FT *02 Total 

Total RAO BOA ($K> 11X115 

Olract Manpower 10 20 20 20 20 90 


9 Control 

A* Attitude Control 

Improved attitude control technologies are needed In the next decode to 
provide capability to neat control requirements In the late 1980'a, 

Control of very large defomable apace structures used for antennas, 
solar power •stellites, and large space stations will require new 
control concepts to neot required accuracies and prevent daaage froa 
control forces* Planetary vehicle control will ulclmetaly be United 
by factors such as structural deeping effects and environments* Therefore, 
adaptive ln~flight control techniques must be developed which can 
automatically reduce these errors. Also future control capabilities 
will Intimately be tied to Improvements in hardware technology. 

Relevant Hew Initiatives 

1. Attitude and Figure Control of Large Deformable Structures 
(autmaary attached). 

2. Dynamic Synthetic Estimators (not written at this time). 

3. Autonomous Adaptive Control (not written at this time). 

A. Control Hardware and Device Developments (not written at this time). 

S. Precision Long-Xango Sun Sensor Development (not written at this time). 
I, Instrument Pointing 

The ability to maintain precise Instrument pointing to an observational 
target will be critical to advanced Imaging spectroscopy, eurface 
feature determination* and reduced coats of date reduction and processing. 
In situ tasting and evaluation of new experiments related to advanced 
pointing technology will be needed to validate performance. The use of 
e shuttle bated teat facility will accommodate these teats st s potentially 
lower coat. 

Relevant Hew Initiatives 

1. Science Vlatfora Precision Pointing and Tracking System for Unm a nn ed 
Planetary Spacecraft (eusmary attached). 

2. Modular Instrument Pointing Technology Laboratory (summary attached), 

3. Experiment Pointing Mount for Spacelab (not written at this time). 

4. Application of Microprocessor Controlled CCD Sensors to Instrument 
Painting (not written at this time). 



PRELIMINARY PROGRAM FLAW 


FY77 Hew Initiative 

Title Attitude end Figure Control of Large Deformable Structure* 

Protree : Guidance and Control RAT 

Lead Field Center : JPL 

Supporting Field Centex (a) ; Hone 

Specific Objective* and Targets: Develop conceptual design for distributed control, develop analysis tool* and 

perforaance analysis. Identify component development needs. 

Justification : For large deformable space structures surface for* control will be required for accuracy and to prevent 

damage fro* attitude control forces. This progran will addresa development of distributed control concept* and 
technology (sensors and actuators) required for this control. Also new analysis techniques to minimize the nuaber 
of diatrlbutad elements and new perforaance analysis techniques which Include deformation variables with sensing sad 
actustioavsriables are needed. JFL's developments in advanced control/structures interaction technology will fora 
tha basis for these new requirements. This development is consistent with NASA’s pointing and control improvements 
for 10 a larger structure with active surface control to 1 ma. 

This technology provides for active control of: 1. large antennas and multiple feeds for simultaneous multiple Earth 

pointing needed to Increase communication channels. Scientists need these antenna for radio astronomy and interf erase cr; 
2. Solar power satellites which could provide 1SZ of National power needs by 2020; 3. Large space stations needed for 

aero "g" manufacturing plants, science platforms, and even specs colonies; and 4. Any vary large structure where 
deformations must be controlled. 


Resources: (FT 7 7 $) Ft 7 7 FT7S FT 79 FT80 TTS1 ATC Total 

Total I/AD MO* ($, k) 125 125 125 152 - 527 


mELIHIHAKT P ROC 1AM PUH 


WtU t 

FrojrMK 

Lead Field Ctattrt 


Ft 11/ 7 7 lew Initiative 

Science Platform Precision Foisting end Tnckisi System for Pnms anod Piece Cory Spececraf t 

GaSduct aod Coocrol 1ST 

JPL 


Supporting Field Canter(s): Rom 

Specific Oblectlwo and tirnti; To doalfo end develop e target body referenced. Inert lolly stabilised platform pointing 
end Tracking eye tee, culminating la u engineering node! breadboard demonaeratlon in Ft 7 9 that will meet the science 
pointing requirements fer e wide range of unmanned, planetary missions. 


Justlf lest ion : Desired planetary science return c scoot be achieved with current S/C attitude end articulation control 
system designs. Tbs MSI Space Electronics Technology goal of providing a ten-fold increase in data acquisition 
through precis* pointing by 1990 will be achieved for planetary science. Space lab Experiment Pointing Mount (EFM) and 
advanced technology areas will provide base for design Implementation. Ability to maintain precise instruoent 

pointing to as obser vational target is critical to: 1. An advanced Imaging spectroscopy capability to define the 

constituents, their epetlal distribution, end their notions within the atmospheres at Jupiter, Saturn, Uranus, Titan, 
Venus, etc., through utilisation of racently developed nultlepectral imagers to provide simultaneous chemical spectra 
for each pixel of an image. 2. Surface feature determination of outer planet satellites, where light levels are low, 
to 1 km resolution (a ten-fold Improveme n t) . 3. Up to 502 reduction in total n usher of images required, resulting 

la further sequence time for comp e ting users and cost savings in data reduction and processing can be achieved by the 
Improved pointing, tracking, and stability of the science platform. 


tssourcss: 

(FT74 $) 

TA 

FT77 

Dotal I/A0 

•QA (*, k) 

25 

250 


1 121 


321 


mo mi axe rotai 


400 


200 


•75 


FggLpmug mat at rux 

mi Rw Initiative 

Tit le t Modular iMtrwMC Pointing Technology Laboratory (MIPTL) 

Program x Guidance and Control 11 4 T 

Laid field Canter : JFL 

Support lag Field Center (a) : Root 

Specific Obi ect tree and Targets : The objective la to define a laboratory facility to be carried oo the Shuttle for 

tea ting la aitu a variety of experiments associated with instrument pointing technologies. The facility veuld consist 
of accomodations and support system for the aouat, stabilisation subsystem, sad associated controls sod displays* 

Justification ; A shuttle based test facility would allow testing and evaluating in situ, s variety of new experiments 
related to advanced pointing technology at a potentially lower coat. A MIPTL provide* a pointing technology teat 
facility in an operational environment free from gravitational and a tm o s p he ric effect. MIPTL provides a coat effective 
means of obtaining user acceptaace of new technology items. 

Resources : (ft 7 7 $) FT 7 7 FT 71 FT7t FTSO FT11 £TC Total 

Total */ All non (1, K> .5 .1 .4 1.5 


( 0 * NAVIGATI ON 

Both return of InUimtiM and trlvm of ntt«r aim lone envisioned In the 
period 1WV2000 will require navigation technology beyond eKlenatpos nalici- 
pated through evolution of current ttelt of the Aft. lequlreewnte ol noxliwa 
Information return per unit coot wlM require critical dr It very of rh** orient 
lnarrunente riold of view at the turgor through Both flight path control and 
lnatrurvnt pointing control. In Addition, tanplt return iron a nolld body 
will require advances in Ascent, and rendesvpus and docking guidanca/novigatlon 
ttfkn^lN/ tKi roll of auto w onoo a on-board systems will be unprecedented 
by today's atandardo. Thia will ba particularly trot on aisnlons to diatant 
targate wharo the round-trip co—un icatlofc. tint exceeds the required reaction 
tin {interval between tbo leak navigation aoaawraaant and throat or instrument 
pointing maneuver) or parioda of cowaanleatlon blackout (occultatlon or radio/ 
tracking system annua ly) . Ik# devslopmeat of Autonomous Outdance and Navigation 
gyatan technology la Juat now beginning. 

Alt Material doaa not add rasa the navigation and guidance technology developaent 
required for ranoto roving vehicles for inaltn Informat iott/eaaple acquisition, 
lhla la covered padar pytonomoue system*. 

mamLmjmuaim 

1. Autonomous Guidance tad Navigation flight/Cround Denonatratlon 

2. Autonomous Guidance and Navigation Operational Syaton 

3. Low Coot Navigation fyeteu Oevelopntot 
LOW THNUtT NAVIGATION 

U appaars that Lew Thruat capabilltloa will be required for certain high 
energy niaaiona which would be of scientific interest. The navigation 
techniques for Low Thruat ttlsslooa are dlffereat thaa thoae required for 
balllotlc niaalono, and naed further devel op m e nt. Low thruat includes NET. 

IEF and tolar tailing concept*. existing niaaton design and analysis 
software to support Phase A sad B stud lea la not adequate ter Che navigation 
analysis prior to project approval.. — - 

BEUVANT NEW INITIATIVE! 


1. Lew Thruat Navigation fyatca Technology Developaent 


PTOJMIgAKT P80C8AH FLAB 
IT 1978 Sev Initiative 



{ 

i 

i 



Specific Object Ives and Targets : Sample return slulont at distant target bodies will require autonomous 

rendezvous and docking capability. The portion of the total technology addressed within this new initiative 
is Halted to the development of appropriate sensors, data calibration and processing software, and software 
for mission operations support (MOS). The technology will be applicable to both conventional (single spacecraft) 
sample return missions under consideration and the Planetary Exploration Facility concept. The technology 
would also be applicable for rendexvous and docking at Earth return. 

Justification : Direct ascent Earth return capability appears to be prohibitively expensive, requiring extremely 

large payload capabilities, and characteristically displaying large injection errors wblck must subsequently be 
corrected. 


Resources: (FT f 78 $) FT78 FT79 FT* 80 TOTAL 

Total 8/ AD BOA <$, M) .3 .35 .A 


4/13/76 


PRELIMINARY PROGRAM PLAN 
FY 1978 Mat Initiative 


Title : LOU THRUST NAVIGATION SOflWARE DEVELOPMENT 
Program: 

Lead Field Center: JPL 

Specific Objectives and Targets : Low thrust systems are unique In that they employ a continuous mode of 
thrusting, ballist ic ""trajectory software nust be modified In some cost efficient way in order to appropriately 
model the trajectories . Continuous thrusting Is a coatinuous source of process noise, obscuring the orbit 
determination process. Hence, efficient methods of locating the spacecraft with precision need to be 
developed. Low thrust Is unlike ballistic maneuvers since maneuver* are made continuously. Efficient 
methods will be developed to integrate the trajectory prediction, and orbit determination processes in a 
way which supports meaningful maneuver control schemes. 


Justl fi cation : JPi's operational software Is not adequate for supporting a low thrust mission. Mission 

design software exists which is capable of supporting phase A and B activities. However, a serious gap 
persists between design and analysis software and flight operational software. All three areas of navigation 
software; trajectory, orbit determination and maneuver analysis, need to be upgraded for the unique low 
thrust system. Trajectory software requirements, now under change control, need to be updated according 
to the new MJS baseline software system. In addition, software requirements for the orbit determination and 
maneuver processes need to be generated and maintained. This development generates the necessary enabling 
software technology for low thrust mission starts in the early 80's. 


Resources: (FV78 %) 

Total R&AO NOA ($,M) 


FY'78 FY*79 FV0O 

.1 .2 .1 


FY'81 FY'82 BTC Total 

0 0 0 .* 


13 April 1976 


PMLPgmW PMCMg MJM 
PT 1978 tw loltlatlvfl 

Title; Low Coot Navigation System Dcttlopout 


Load Field Center: JPL 

Supporting Field Center : 

Specific Objcctlveo end Ter gets : To provide the systems analysis necessary for the planning and Integration of the 

developing navigation technology into NASA's planetary exploration program so that the navigation process can be 
delivered for the Lowest total cost over a time span with a 20-25 year horizon. The effort would begin by 1) providing 
a review of the navigation technology statue, 2) apply the technology to the NASA mission model using several 
scenarios of navigation technology developments In order to arrive at s projection of the total navigation eni-of- 
ceotury cost using an optimum strategy, 3) isolate specific deficiencies now occurring under the single project 
planning horizon mode curraatly used, 4) publish s report of findings with e scenario for navigation over the next 
2S years and an. action plan to achieve the desired scenario. 

Just i fication : While OAST aid OTDA sponsored navigation subsystem developments are being vigorously pursued and each 

individual flight project esq loys those techniques which are flight-ready, long-term systems leadership and planning 
over ?.n extended mission set is left unsupported. 

With s planning horizon little mere then the next mission, sub-optimum development strategies ere being pursued wbicb 
over several missions result in higher than necessary coats both in tens of dollars and mission risk. 

The Navigation Data System has evolved from one employing Earth-based doppler data alone to a system using dual- 
station, dual- frequency doppler and ranging data complemented with precision on-boarc* optical data for current missions 
aucL ss KJS. Other elements of the Navigation System each as the maneuver strategy employed and the orbit 
determination process itself have experienced similar complexity increases ss greater accuracy at larger distances has 
beet sought. Currently in development ere data system techniques such as differential very long-baseline interferometry 
(AVLBI), promising unprecendented orbit accuracy as veil as much lover tracking time requirements. Finally, an 
integrated on-board autonomous navigation system is being developed for special circumstances where the Earth-epacecraf t 
round-trip light-time is too long for rime-critical data taking, processing, decision and maneuvering sequences to be 
accomplished in the traditional maneuver. Due to its self-contained nature and relatively small Earth-based support 
requirements, the autonomous approach promises cost savings as well. 

It is clear that what system Is perceived to be the system of choice for the “next" mission is s sensitive function of 
one's planning horison and that perception feeds back to the technology development areas and Influences those 
development realities. Support Is needed for the Navigation System's planning leadership with an explicit horizon of 
25 years. 

Aesources : (FT *78 $) FT' 78 FT '79 FT'80 FY»8l FY’82 ATC TOTAL 

Total K/AD NOA ($,10 0.1 0.1 0.1 0.1 0.1 
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PUgHHUHUTC PROCKAH fUM 


FT 1900 ftev Initiative 


Title : Aitawnoua Guidance mod navigation Operational Syatsm DmlopMt 

frograg: 

lead Field Center ; JFL 

Supporting Field Center (a) : 

Specific Objective* and Targets : The existing AC&N development activity will produce the capability of on*board 

measurement and data processing to perform orbit estimates , calculate and execute trajectory correction maneuvers 
and adjust planned science lata sequences. This capability can be augmented by providing adaptive on-board dec la Ion 
making capabilities. These Include the ability to adjust or reselect encounter almpolats, and to reschedule 
science activities, changing their order and/or duration. 

Juaelficatlon : Past-mission analysis often reveals new data that would have been used tc modify the mission as 

planned, had it been known at the time. Increasing the on-board ala 8 Ion planning activities of the AG&N System 
will allow certain information about the target to be Interpreted and encounter condltlors modified so that science 
objectives ere met or axceeied. Outer planet satellite tour missions would benefit from the capability of adaptive 
selection sad execution of sre-speclfied off-nooinal trajectories for flybys of alternate targets. Potential 
collisions with foreign objicts could be prevented by detection and recognition of such < situation reaultlag la 
a flight path alteration. 

te sources : (py'78 

Total 1/A D SQA ($, M) 


nr ’80 

.3 


FT f 81 

.5 


FT’82 

1.0 


ATC 


TOTAL 
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4. Pointing adjustment for repositioning target iaage In fleld-of-vlew. 

5. Modification of science Instrument pointing sequence. 

E. Simulated On-Board Activities {Ground Based) 

1. Processing of target-star data to update the estimated spacecraft position. 

2. Calculation and execution of a trajectory correction maneuver. 

3. Redesign/optimization of a science instrument pointing sequence. 

JUSTIFICATION : The era of spacecraft autonomy is of necessity entered as unmanned vehicles probe further 
into deep space and the round trip radio transmission tire (light time) exceeds the permitted reaction time. 
Needs for autonomy may arise during periods when coinnuni cation with Earth Is impossible (e.g.» during occulta* 
tions) or prevented by some constraint (i.e., antenna pointing, radio system failure, etc). During approach 
and encounter phases with distant targets, spacecraft will be required to notice and correct, with no time 
for Earth consultations, deviations from the high-science return trajectory as well as adjust the science 
instruments. Establishment of technology readiness requires the completion of an inflight demonstration. 


RESOURCES: (FY 197B S) 

FY78 FY7S 

FV3Q 

FYS1 

JFY82 

BTC 

TOTAL 

TOTAL RED HOA (M)* 

0.9*5 

1.146 

0.477 

0.614 

1.026 

4.207 

DIRECT CIVIL SERVICE MANPOWER 

m 

KA 

NA 

NA 

NA 

NA 

DIRECT SUPPORT SERVICE CONTRACTOR MANPOWER 
RESOURCES SUPPORT ASSUMED FROM OTHER 

U 

MA 

NA 

NA 

NA 

NA 

SOURCES (RED 1, M) (SPECIFY SOURCE) 

1 U 

KA 

NA 

NA 

NA 

NA 


•CONTRACTED RED * IN-HOUSE DIRECT RESEARCH + IMS 
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PIELININARY PROGRAM PLAN 
FY 1979 NEW INITIATIVE 

TITLE: Autonomous Guidance and Navigation Flight/Ground Demonstration 
PROGRAM: 

LEAP FIELD CENTER : JPL 

SUPPORTING FIELO CEKTER(S): 

SPECIFIC OBJECTIVES AHP TARGETS : A fl ight/ground demonstration is proposed to develop and verify Autonomous 
Guidance and Navigation Technology for futare unmanned planetary missions. Tie development plat is consistent 
with a demonstration on the Jupiter Ort>ite~ mission launch opportunity in December 1981. A similar mission Is 
possible thirteen months later. 

The flight/ground demonstration will demonstrate the ability to carry out all the functions that an 
autonomous or, -board system would perform. The proposed arrangement of flight equipment and ground equipment 
is most cost effective and allows optimum flexibility to complete the demonstration during the nission life- 
time. The earliest demonstration will resalt from observations of the Noon against a star background shortly 
after launch. This data will be compared :o conventional ground based radio tracking. The orbiter phase allows 
multiple satellite encounters during which parts of the design can be evaluated and retried. 

Since the computer Is an the ground aid accessible, it is possible to coitinue software de/eloprnent after 
the spacecraft Is launched. Ouring the near-Earth mission phase pre-flight versions of the software will be 
used to process the optical data of the Earth-Moon system and the experience gained will Influence the final 
software design. 

Specific objectives are to develop and demonstrate: 

A. On-Board Activities 

1. Image processing of star and target data.- 

2. Target acquisition and automat e tracking* 

3. Target center finding. 
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Autonomous Systems 
A. Roving Vehicles 


Autonomous systems are required for many of NASA's future missions. 
Of particular importance are roving vehicles which could provide 
the means for surface exploration of the planets in out solar 
system. There is a need to demonstrate the abilities of prototypes 
to interact with conplex and unpredictable environments as well as 
with the ground system. 

Relevant New Initiatives : 

1. Prototype roving vehicle for planetary surface exploration* 
(Simnary attached) 



riELPflKAKf nOGUM FUUt 
FT 1978 New Initiative 


Title Prototype Vovinf Vehicle for Planetary Surface Exploration 

Program 

Lead Field Center : JPL 

Support Ir.c "told Center : 

Specif ic nr.-l Tarects : To develop and demonstrate a prototype roving vehicle and ground systca capable 

el supporting sclent. if: «'. ucte* on other plinets and planetary satellites under direction of Earth-based scientists. 

The rrx-’A syster tr%-b»»:> will incorporate hardware providing resistance to the harsh envlroiments- anticipated, great 
mobility. f.cr.-In.; for aatorated systen etc In tens nee, and self-regulated energy and communication systeas. The coeput- 
ing system will capitalize on the new microprocessor systen architectures and ultra-high density aass storage 
technology ta prorlde tie necessary power and compactness. The remote software will Incorporate the algorithms 
needed fer planning and decision-making at the commanded sub-task level, the error-detection, self-diagnosis end 
self-rei-.!r facilities of partially automated aystea maintenance, and budgeting of energy. 

The ground system will be designed to capitalize on the increased autonomy of the remote madlne to elspllfy ground 
operations. Computer generated displays will keep the operators fully Informed on machine statue. The robot will 
respond to sizpllfled oexands and reply in kind. The cisslon operations system will be designed to fee aore trensperert 
to the ariemtiat-user than are present aystecs. The prototype rover aad ground system will >e completed by 1984 
and undergo testing and modification* during 1985 and 1966. 

Justification : Missions of great interest are those concerned with the detailed scientific exploration of the outer 

planets end their satellites to search for life and to ascertain the history of the solar system. Such alts ions are 
characterized by scientific corplexlty end unpredictable environments. The remoteness precludes direct hunan control. 
The feasibility of coni tree ting machines with the necessary autonomy is now being demonstrated. The feasibility study 
neglects questions of reliability, energy uenagement, self-repair, computer architecture and miniaturisation, and rug- 
gedness. Instead it concentrates on advancing the state-of-the-art of machine intelligence and Integration of selected 
functions. The proposed initiative will establish the necessary degree of confidence In all system functions to aadcr ■ 
Uka missions that will employ robots. The prototype will* also demonstrate the large increase la information delivers I 
by the mission (100X) made possible by its employment, aad the dacrease in mission support costs due to simplified gro md 
procedures. 

Heeourcee : (FT* 78 8) FT* 78 FT* 79 7T*80 FT *81 71*82 FT *81 FT* 84 FT *85 IT *16 Total 

Total 1/AD Mb (*,» 3 4 5 S' 6 6 7 7 7 50 



ffifflffi OF HATTER • ASCENT NAVICATIQH 

Autencaoua aacont and rcndcivoua and docking technlquae will hava to bn 
davalopad (or implementation when leaving tha car gat body. Earth-baaed 
control will not allow auch function* to be performed due to tha algnlf leant 
round-trip light-tine doluy compared to tha rapid raactlon tine required 
between obearvatlon and action. The ayatea that perform* autonoaoua 
rendarvoua and docking at a dlatant planat could alao be uaed upon return 
to Earth, or could be over-ridden by ground controller*. 

Mlaalon deaign and analyal* aoftware appropriate for Phaae A and B atudlaa 
la currently non-exlatant . Thla preclude* the ability to perform parametric 
trade-off atudlea which arc critical to the daelgn of many hardware 
•obey* tamo. 

BHIVAWT MEW INITIATIVES 

1. Autonoaoua kettdesvoua and Docking 

2. Software Development for Return of Hatter Mlaalon Daelgn 
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MTURN OF MATTER • ASCENT NAVIGATION 


Autonomous aacont and rcndcsvoua and docking techniques will hsvs to ba 
developed for Implementation when leaving the target body. Earth-baaed 
control will not allow such functions to be performed due to the significant 
round-trip light-time delay coopered to the rapid reaction time required 
between observation and action. The system that performs autonomous 
rendezvous and docking at a distant planet could also be used upon return 
to Earth, or could be over-ridden by ground controllers. 

Klssion design and analysis software appropriate for Phase A and B studies 
le currently non-existent. This precludes the ability to perform parametric 
trade-off etudlea which are critical to the daelgn of many hardware 

sub eye terns. 

H1IVAHT HEW INITIATIVES 

1. Autonomous Rendezvous and Docking 

2. Software Development for Return of Matter Mleelon Design 
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1AT1CATI0W 

Both return of Information end return of setter missions tnvleloned In the 
period 1985-2000 will require navigation technology beyond extensions antici- 
pated through evolution of current etete of the art. Acquirements of aarlaui 
information return per unit coat will require critical delivery of the adance 
Instruments field of view at the target through both flight path control and 
instrument pointing control. In addition* sample return fron a oolld body 
will require advanceo in accent* end rendeavouo and docking guldence/navlgatlon 
techno loglee. The role of autonomous on-hoard systems will be unprecedented 
by today 'e etanderda. Thle will be particularly true oo nice lone to diatant 
targete where the round-trip c own unication time enceeda the required reaction 
tlae (Interval between the loot navigation measurement and thruaf or instrument 
pointing maneuver) or perioda of conmunlcetlon blackout (occultatlon or radio/ 
tracking eyatem anomaly). The development of Autonomous Guidance and navigation 
Pyatem technology la Juot now beginning. 

Thla material doea not addreeo the navigation and guidance technology developnanta 
required for remote roving vehicles for lneltu lnfometlon/eample acquisition. 

This la covered under autonomous eyateaa. 

NHIVABT M1W INITIATIVES 

1. Autonomous Guidance and Navigation Flight/Cround Demunetratlon 

2. Autonomous Guidance and Navigation Operational System 
2. Low Coot Navigation System Development 

LOW THM18T NAVIGATION 

It appears that Low Thruet capabilities will be required for certain high 
energy missions which would be of scientific interest. The navigation 
technlquce for Low Thrust missions are different than those required for 
ballistic evasions, and need further development. Low thrust includes HEP, 
ggf and Solar Sailing concepts. Existing mission design and analysis 
software to support Phase A and B studies la not adequate for the navigation 
analysis prior to project approval . 

BELEVAirr LEW INITIATIVES 


1. Low Thrust Navigation System Technology Development 



navigation 


Both return of Information and return of matter missions envisioned In the 
period 1983-2000 will require navigation technology beyond extensions antici- 
pated through evolution of current state of the art. Requirements of maximum 
information return per unit coat will require critical delivery of the edance 
Instruments field of view at the target through both flight path control and 
instrument pointing control. Tn addition, sample return from a eolld body 
will require sdvences in necent, and rendezvous and docking guidance/navigation 
technologies. The role of autonomous on-board system* will be unprecedented 
by today's standards. This will be particularly true on missions to distant 
targets where the round-trip communication time exceeds cha required reectlon 
time (Interval between the last navigation measurement end thrusf or laatruaent 
pointing maneuver) or periods of communication blackout (occult a tion or radio/ 
tracking system anomaly). The development of Autonomous Guidance and Navigation 
Bystem technology la Juot now beginning. 

This materiel does not address the navigation and guidancs technology developments 
rnqwlrsd for remote roving vehicles for lnsltu informaelon/asmple acquisition. 

This is covered under autonomous systems. 

HUVAKT m INITIATIVES 

1. Autonomous Guldsnce end Nevlgatlon Flight/Ground Demonstration 

2. Autonomous Guidance and Navigation Operational System 

3. low Cost Navigation System Development 
tOW THAU ST NAVIGATION 

It sppeare that tow Thrust capabilities will be required for certain high 
energy missions which would be of scientific interest. Tha navigation 
techniques for Low Thrust missions are different than thoee raqulred for 
ballistic suasions, and need further development. Low thrust includes NEP, 

SI? and Solar Sailing concepts. Existing mission design and analysis 
software to support Phase A and B studies in not adequate for the navigation 
analysis prior to project approval . 

RELEVANT LEW INITIATIVES 


1 . 


Lov Thrust Navigation System Technology Development 
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FT 1978 Tew Initiative 


Software Development for fteturn of Matter In Mission Design 


PROGRAM : 

Lead Field Center : JPL 

Supporting Field Center (») : 

Specific Objectives and Target* : A broad development of specialized software to support mis ;ioo design la proposed. 

These softwares sre needed to analyse els* loo- related spacecraft and subsystem parameters fc : (1) "Round Trip" (I. s. 
typical of sample return) missions, (2) autonomous surface ascent to orbit and (3) autonomoc i acquisition* rend ea roue 
and docking. 

Justification ; At the present time, capability to define nominal spacecraft and subayetem parameters and evaluate the 
Interplay of changes In subsystem operations for thesa three specialized areas Is extremely Limited due to near non- 
existent software. Thee* analytical tools are critical to establish preliminary estimates c? such factors as mass, 
geometry, power requirements, etc.; they are equally Important in establishing the impact or total system operation 
as s consequence of a change in some subsystem function or specification (e.g. the interpla) of rendezvous closure 
rates, propulsive gates and tracking sensor specifics: ions). This solution la required for any Phase A and B mission 

planning activities. Availability of this software la FT’ 80 Is appropriate for the FY'86 Has surface temple retain 
opportunity. 


Resource* : (FY*78 $) 


FY f 78 fY'79 FY’EO 


TOTAL 


Total E/AD NO A ($, M) C.A 


0.4 


0.6 
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SOLAR SYSTEM SCIENCE 


PHASED APPROACH 

t RECONNAISSANCE 

• EXPLORATION 

• INTENSIVE STUDY 


THEME: 

MISSIONS: 

IMPLEMENTATION: 

APPLICATION: 


EXPLORATION OF THE SOLAR SYSTEM 

RETURN INFORMATION 

PLANETARY EXPLORATION 
FACILITY 

CUTER PLANETS AND THEIR 
SATELLITES 


RETURN MAHER 

SAMPLE RETURN CAPABILITY 


TERRESTRIAL PLANETS, 
ASTEROIDS, COMETS, 
JUPITER SATELLITES 


Theme Pa cka &£ O&e-A/s/zAT/c/f 
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SOLAR SYSTEM STUDY FACILITY 


t PROPULSION (NUCLEAR ELECTRIC) 

• REMOTE SENSING 
o SURFACE 

o ATMOSPHERE 
o MAGNETIC FIELD 
o GRAVITY 

t IN SITU SENSING 
o ATMOSPHERIC PROBES 
o SURFACE PENETRATORS 
o ROVERS 

• AUTONOMOUS ANALYSIS LABORATORY 


o SAMPLE RETURN 
o SELECTION 
o ACQUISITION 
o PROCESSING 
o PRESERVATION 
o QUARANTINE 
o PACKAGING 
o RECOVERY 
o RECEIVING 
o STORAGE 


• ON BOARD DATA PROCESSING 


SOLAR SYSTEM STUDY FACILITY DEVELOPMENT AND UTILIZATION SCENARIO 


* TIME 

1990 

EARTH STUDY FACILITY 


TECHNOLOGY READINESS DATES 


DISTANCE 


AUTOMATED 
SYNCHRONOUS ORBIT 
SEP 

SOLAR POWER 
SELF REPAIR 
CHECKOUT 



10- YEAR 

OPERATING LIFE 
SELF REPAIR 


AUTOMATED 
NUCLEAR POWER 
NEP 

20-YEAR 
OPERATING LIFE 
SELF REPAIR 


2000 

EXTRA SOLAR SYSTEM 
STUDY FACILITY 

AUTOMATED 
NUCLEAR POWER 
NEP 

25-YEAR 

OPERATING LIFE 
SELF REPAIR 






KEY ISSUES 


e LONG LIFE 

o RELIABILITY 
o SELF CHECK AND REPAIR 


e AUTONOMOUS OPERATIONS 

o DECISION MAKING 
o SELF REPAIR 
o ON BOARD PROCESSING AND 
ANALYSIS OF DATA 


o UNIVERSAL UTILITY 



VOLUME II 


IV - C 


1. SOLAR SYSTEM EXPLORATION FACILITY 

Summary Comments on Technical and Program 
Approaches Resulting from Workshop Activity 


GENERAL: 

The individual working groups exhibited considerable inovative thinking in 
support of our theme. The major technology drivers of power, propulsion, and 
data handling/control were considered in depth. Programatic factors such as 
severe step functions in technology development and mission evolution were 
identified as the most disturbing aspects of the theme. 

Changes in thinking due to the workshop: 

Propulsion and power system concepts were expanded to consider such technologies 
as MPD thrusters, laser powered propulsion systems, metallic hydrogen fuels 
and others. While the technological future of such systems is uncertain their 
potential benefits warrent consideration as future hardware. 

With regard to power conversion and storage systems the recycable H2O2 fuel 
cell may prove to be a superior energy storage device even when compared to 
advanced electrochemical storage systems such as lithium batteries. Radiation 
shielding and management pose special problems on operations such as rendezvous 
and docking and may effect sample processing activity. 

Lightweight shielding development as suggested by the materials working group 
may reduce this problem significantly. 

Data Systems and Autonomous Control 

The requirement for complex data systems and large memories were addressed 
and pleasant surprises occurred when new software techniques were suggested. 
Automated programing techniques and validation/verification processes can be 
available and will be required for proper software development. Computer 
system emulation techniques will assure compatibility between hardware and 
software as these two components must be developed concurrently and in fact 
can be viewed as two sides of the same coin. 

A vast selection of candidate Instruments and sensors were proposed for the 
scientific payload. Without exception the Instruments were regarded as 
scientifically valuable. The problem we experienced was In trying to assign 
priorities. Ultimately we adopted the position that the exploration facility 
should be viewed at least In part as a service mechanism to the scientific 
community in much the same way that a large astronomical telescope Is con- 
structed as a service to the astronomical community. In short, we as space- 
craft and mission designers should not (and possibly cannot) attempt to 
foresee the detailed scientific objectives likely to occur over the next 25 
to 50 years. What we must do however, is recognize that scientific objectives 


with regard to observational and measurement requirements will continue to 
expand and must be supported. 

We recommend that a special activity be initiated by OAST to select and 
develop candidate sensor systems for future space missions. In this way 
the scientific objectives can be coordinated into a science enhancement 
structure. 

The most significant problem by far to be identified is related to 
programatic rather than technical factors. The orderly development of 
supportive technology is dependent upon the nature of evolution of space- 
craft missions. The currently envisioned mission set for the 1980's depends 
upon development of high temperature solar cells, solar sailing technology, 
solar e’ectric propulsion, etc. However, the solar system exploration 
facility depends upon nuclear sources of electrical energy and very advanced 
autonomous systems. This results in a sharp step function in technological 
requirements at the beginning of the 1990's unless a more uniform technology 
growth can be established. 


